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MICROPROCESSOR FOR CONTROLLING A timer 161, a UART (Universal Asynchronous Receiver 

BUSSES Transmitter) 162 for supporting a serial communication, an 

analog/digital converter (ADC) 163, and the like are con- 
nected to the peripheral bus I/F 153 as incorporated periph- 

RELD OF THE INVENTION 5 eral devices. 

m ... The instruction bus IB, the data bus DB and the Princeton 

The present invention relates to a microprocessor bus pB mdude a data bus for transferring data and an 

equipped with a plurality of buses and a plurality of bus address ous for t rans f erring an addres s, respectively. Each 

masters. More particularly this invention relates to a micro- module (including the CPU 110) connected to each of these 

processor equipped with a bus control unit for efficiendy buses is provided with a not illustrated control bus for 

controlling the buses when there are access requests from transferring control signals such as a bus use request signal 

the bus masters. In a microprocessor used for a control necessary for communicating with the bus control unit 120, 

device or a portable electronic apparatus in recent years, a read/write signal, an address strobe signal, a data strobe 

there has been generally employed a system having a large signal, various acknowledge signals, etc. 

number of modules connected on the buses for controlling In the microprocessor 100 employing the Harvard archi- 

these modules through the buses in order to achieve complex 1 tecture as shown in FIG. 1, the instruction memory 131 and 

processes and to enhance expandability of the processing. the data memory 132, in particular, are used as cache 

Particularly, on a microprocessor of which high-speed pro- memories, to improve throughput. The basic operation of the 

cessing is required, a cache memory and a DMA (Direct microprocessor 100 will be explained below. 

Memory Access) controller are mounted to increase the use When the microprocessor 100 is started, a start instruction 

efficiency of the buses. 20 un it stored in the program ROM 141 is read into the CPU 

110 through the Princeton bus PB and the instruction bus IB, 

BACKGROUND OF THE INVENTION and a user program stored in the program RAM 142 is 

FIG. 1 is a block diagram which shows a schematic executed when necessary, 

configuration of a conventional microprocessor employing a 25 In mis case, prior to making an access to the program 

Harvard architecture. Harvard architecture is one of archi- ROM 141 and ^ P ro & ram **** 142 > tbc cpu 110 

tectures at a register level, which uses buses for data access whether a corresponding instruction is stored in the instruc- 

(data buses) and buses for instruction access (instruction lion memory 131 or not. When the corresponding instruction 

buses) provided independent of each other. Further in Har- fc stored hit )> tne cpu 110 fetches this instruction 

vard architecture, a memory connected to the data buses, 30 from the instruction memory 131 and executes this instruc- 

that is, a data memory, is exclusively used for storing data, tion (instruction fetch). 

and a memory connected to the instruction buses, that is, an On the other hand, when the corresponding instruction is 

instruction memory, is exclusively used for storing instruc- not stored in the instruction memory 131, the CPU 110 

lions. Thus, the data memory and the instruction memory are fetches the instruction from the program ROM 141 or the 

used as spatially separated addresses. By using this Harvard 35 program RAM 142 which is the original access destination, 

architecture, the microprocessor can protect instructions and an d executes this instruction. At the same time, the CPU 110 

can achieve a parallel operation of accesses, thereby to stores the fetched instruction in the instruction memory 131. 

achieve a high-speed processing. With mis arrangement, when it becomes necessary again to 

As shown in FIG. 1, the conventional microprocessor 100 execute the instruction once executed by the CPU 110, it is 

includes a CPU (Central Processing Unit) 110 for executing 40 possiblc to fetch lhis instruction from lhc instruction 

instructions according to program codes, a bus control unit memory 131. 

120 for carrying out a bus arbitration by monitoring the state As explained above, when the cache hit has been 

of using a plurality of buses, an instruction memory 131 as obtained, the instruction fetch can be executed in a shorter 

a memory for exclusively storing instructions, a data clock c y cle than in the case of accessing the program ROM 

memory 132 as a memory for exclusively storing data. 45 141 or the program RAM 142. Therefore, a system which 

Further, the microprocessor 100 includes a program ROM can perform processing at a high-speed can be achieved. 

141 for storing a start instruction set and a basic instruction Further, when data once fetched from the SDRAM I/F 152 

set, a program RAM 142 for storing a user program. Further, or others is stored in the data memory 132, in a similar 

the microprocessor 100 includes a DMA controller 143 for manner to the data stored in the instruction memory 131, it 

directly exchanging data, that is, a DMA transfer, between 50 becomes possible to obtain a cache hit from the data memory 

modules connected to the buses without passing through the 132 when it is necessary to make a data access to the SDMA 

CPU 110 and various memories. Further, the microprocessor I/F 152 or others. Thus, a system which can perform 

100 includes an external bus I/F 151 for being connected to processing at a high-speed can be achieved 

external units, to carry out a functional expansion or data In this microprocessor 100, not only the CPU 110 but also 

input to and output from the external units, an SDRAM I/F 55 the DMA controller 143 can become a bus master. 

152 for making it possible to expand an SDRAM Therefore, the CPU 110 needs to obtain a permission for 

(Synchronous Dynamic Random Access Memory) as an using the instruction bus IB, the data bus DB and the 

extended memory. Finally, the microprocessor 100 includes Princeton bus PB from the bus control unit 120 each time 

a peripheral bus I/F 153 for executing a function as an when the CPU 110 carries out the above -described instruc- 

interface with incorporated peripheral devices. ^ou fetch or data access. 

Instruction bus IB and a data bus DB are provided In other words, in order to make an access to the program 

between the CPU 110 and the bus control unit 120. The ROM 141 or the program RAM 142, the CPU 110 transmits 

program ROM 141, the program RAM 142, the DMA a bus use request signal representing a request for using the 

controller 143, the external bus I/F 151, the SDRAM I/F 152 Princeton bus PB to the bus control unit 120 through the 

and the peripheral bus I/F 153 are connected to a common 65 control bus. 

bus, that is a Princeton bus, PB monitored by the bus control The bus control unit 120 checks whether the Princeton 

unit 120. bus PB is being used by other bus master or not. For 
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example, when the DMA controller 143 is using the Princ- by the WAIT signal until the CPU 110 transmits a bus 

eton bus PB for carrying out a DMA transfer from the abandon signal to the bus control unit 120 as described 

SDRAM I/F 152 to the external bus 1/F 151, the bus control above, when other bus master like the CPU 110 has the bus 

unit 120 transmits a bus use request signal to the DMA right for using the Princeton bus PB. Thus, there has been a 

controller 143. Upon receiving this bus use request signal, 5 problem that it takes time for the DMA controller 143 to 

the DMA controller 143 goes into a hold state immediately obtain a bus right. 

after finishing the bus cycle currently under execution, and In the conventional microprocessor, there has also been 

then transmits a bus abandon signal to the bus control unit proposed a system in which a plurality of Princeton buses 

120. PBs is provided as common buses, and modules are dis- 

The bus control unit 120 transmits a WAIT signal to the to pcrsed to different Princeton buses PBs. However, as this 

CPU 110 to make the CPU 110 wait during a period from system is not designed by taking into account the Harvard 

when the DMA controller 143 receives the bus use request architecture, it has not been possible to substantially 

signal till when the DMA controller 143 transmits the bus improve the bus using efficiency of the CPU 110. 

abandon signal. Upon receiving the bus abandon signal from Furthermore, as described above, according to the above- 

the DMA controller 143, the bus control unit 120 transmits 15 described conventional microprocessor 100, low power con- 

a bus obtaining signal representing an obtaining of a bus sumption is achieved by the clock controller's stand-by 

right to the CPU 110. When, the CPU 110 obtains the bus operation for holding the supply of a clock signal. However, 

right it can make an access to each unit connected to the m or der to hold the supply of the clock signal, the CPU 110 

Princeton bus PB. needs to operate a control register within the clock controller 

Further, when a bus master like the DMA controller 143 20 for carrying out a store operation, and it has been necessary 

other than the CPU 110 wants to use the Princeton bus PB, to prepare a minimum program for test operating the holding 

this bus master also needs to obtain a bus right by trans- of the clock signal. 

^™l^ZT^!3i ,0 .^ b " COn,r0 ' Uni ' SUMMARY OF THE INVENTION 
in a similar manner as described above. 

Thus, in the conventional microprocessor 100 as shown in 2S In u S nt of toe above-described problems, it is an 

FIG. 1, the bus control unit 120 is provided to enable each of me present invention to provide a microprocessor 

bus master to obtain a bus right from other bus master, capable of improving the throughput of the CPU by improv- 

thereby to achieve bus arbitration by avoiding collision of m S the efficiency of using the buses and capable of shifting 

access on the buses. t0 a stand-by operation more easily. 

Further, in the conventional microprocessor 100, it is 3 ° According to one of the aspects of the present invention, 

required that the power consumption is low because it is me modules of the program ROMs and the like in which 

driven by batteries and for heat countermeasures. The opera- instruction accesses are concentrated by the CPU are put 

tion of the microprocessor or the operation of a part of the together in the first Princeton bus, and the modules of the 

modules of the microprocessor can be stopped in order to external bus I/F, the SDRAM I/F, the peripheral bus I/F and 

achieve low power consumption during a period in which the tike in which mainly data accesses are concentrated are 

these components are unused. For example, there has been P ut together in the second Princeton bus. Therefore, it is 

proposed a technique for reducing power consumption by possible to make the most of the advantages of the configu- 

holding a clock signal supplied to the CPU 110 and other ration employing the Harvard architecture in which the 

modules. instruction access and data access are carried out by the 

More specifically, an operation mode called a stand-by 40 individual exclusive buses of the instruction bus and the data 

mode is provided to make a not illustrated clock controller bus throu & h tDe bus conlro! unit - 

to hold the supply of a clock signal. Similarly an instruction Other objects and features of this invention will become 

called a sleep instruction may be executed, in order to apparent from the following description with reference to 

interrupt the supply of a clock to only a targeted module to 45 tne accompanying drawings. 

hold the operation of this module. BRIEF DESCRIPTION OF THE DRAWINGS 

However, according to the microprocessor 100, although _ _ <■ 

an attempt has been made to disperse the load of the buses " a 1 » > block diagram for showing a schematic 

by individually providing the instruction bus IB and the data ^figuration of a prior-art microprocessor employing a 

bus DB, the CPU 110 needs to obtain a bus right for using 50 Harvard architecture. 

the Princeton bus PB for making an access to the program FIG - 2 B a diagram for explaining the principle of a 

ROM 141 or the program RAM 142. Therefore, an efficient microprocessor according to the present invention; 

bus access has not necessarily been carried out. FI C. 3 is a block diagram which shows a schematic 

For example, when an instruction code is being fetched configuration of a microprocessor relating to a first embodi- 

from the program ROM 141 to the instruction memory 131 5S ment of the present invention; 

through the instruction bus IB and the Princeton bus PB, the FIG. 4 is a block diagram which shows a schematic 

CPU 110 makes it possible to fetch data by using the data configuration of an instruction interface in the first embodi- 

bus DB. However, in this state, when the CPU wants to fetch ment of the present invention; 

the data input from the external bus I/F 151, for example, it FIG. 5 is a block diagram which shows a schematic 

is necessary to obtain a bus right for using the Princeton bus 60 configuration of a bus arbitration circuit in the first embodi- 

PB. As a result, the CPU 110 must wait until the fetching of ment; 

an instruction code from the program ROM 141 to the FIG. 6 is a timing chart for explaining a state of a 

instruction memory 131 is finished. simultaneous access of a first Princeton bus and a second 

Further, although the DMA controller 143 as a represen- Princeton bus by a CPU in the first embodiment; 

talive bus master other than the CPU 110 is effective in 65 FIG. 7 is a block diagram which shows a schematic 

improving the throughput of an internal arithmetic process- configuration of another example of an instruction interface 

ing of the CPU 110, the DMA controller 143 is made to wait in the first embodiment; 
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FIG. 8 is a block diagram which shows a schematic The operation around the bus access of this microproces- 

configuration of another example of a bus arbitration circuit sor 10 will be explained next. To begin with, when the CPU 

in the first embodiment; 20 cannot obtain a cache hit in the instruction memory 41 

FIG. 9 is a block diagram which shows a schematic and hence the CPU 20 wants to fetch an instruction from the 

configuration of a microprocessor relating to a second 5 program ROM 51, the CPU 20 transmits a bus use request 

embodiment of the present invention; signal to the bus control unit 30 in order to obtain a bus right 

FIG. 10 is a block diagram which shows a schematic for "sing fhe first Princeton bus PB1 to which the program 

configuration of a microprocessor relating to a third embodi- ROM 51 is connected. 

ment of the present invention; The program RAM 52 is also connected to the first 

FIG. 11 is a block diagram which shows a schematic 10 Princeton bus in addition to the program ROM 51. However, 

configuration of other example of a bus control unit in the as these are me memories which store the instruction codes, 

third embodiment; and lne Princeton bus can exclusively function as an instruc- 

FIGS. 12A to 120 are block diagrams which show the ! ioD acccss bus 10 be accessed at the lime of fetching an 

schematic configurations of bus accessing variations. instruction. 

Accordingly, while an instruction from the program ROM 

DESCRIPTION OF THE PREFERRED 15 51 j s being stored in the instruction memory 41, the CPU 20 

EMBODIMENTS can make an access to a module connected to the second 

There will now be explained in detail preferred embodi- Princeton bus PB2 through the data bus DB. Thus, the 

ments of a microprocessor relating to the present invention microprocessor 10 can make the most of the advantages of 

with reference to the accompanying drawings. It should be lne Harvard architecture, and can substantially improve the 

noted that the present invention is not limited to these throughput of the CPU 20. 

embodiments. At first, the principle of the microprocessor Further, as the DMA controller 53 as a representative bus 

relating to the present invention will be explained. master other than the CPU 20 is connected directly to the bus 

FIG. 2 is a diagram for explaining the principle of the contro1 ^ 30 without passing through the buses, it is 
microprocessor relating to the present invention. As shown 25 possible to obtain a bus right promptly in the case of 
in FIG. 2, a microprocessor 10 includes a CPU (Central carrying out a DMA transfer through a bus other-than the 
Processing Unit) 20 for executing instructions according to bus b Y lhe cpu 20 - 11lu s. an efficient bus control can 
program codes, a bus control unit 30 for carrying out a bus also achieved in the bus control unit 30 as well, 
arbitration by monitoring the state of using a plurality of Further, the bus control unit 30 can input an operation stop 
buses, an instruction memory 41 as a memory for exclu- 30 request signal. Therefore, when a stand-by operation is 
sively storing instructions, a data memory 42 as a memory necessary, by receiving this operation stop request signal, 
for exclusively storing data, a program ROM 51 for storing me Dus control unit 30 carries out the following operation to 
a start instruction set and a basic instruction set, a program me buses connected to the bus control unit 30. The bus 
RAM 52 for storing a user program, a DMA controller 53 for control unit 30 transmits a hold request signal representing 
controlling a DMA transfer, an external bus I/F 61 for being 35 3 hold request of the instruction bus IB to the CPU 20 as the 
connected to external units, to carry out a functional expan- bus master, in order to obtain a bus right for using the 
sion or data input to and output from the external units, an instruction bus IB. After finishing the bus cycle of the 
SDRAM I/F 62 for making it possible to expand an SDRAM instruction fetch under execution, the CPU 20 returns an 
as an extended memory, and a peripheral bus I/F 63 for acknowledge signal representing a bus release of the instruc- 
executing a function as an interface with incorporated 40 ^ 0D ^ us IB- 
peripheral devices. The data bus DB is also handled in a similar manner. The 

Between the CPU 20 and the bus control unit 30, there are Dus control unit 30 transmits a hold request signal repre- 

provided an instruction bus IB and a data bus DB to have a senting a hold request of the data bus DB to the CPU 20. 

structure employing the above-described Harvard architec- Then, the bus control unit 30 receives an acknowledge signal 

turc. The program ROM 51 and the program RAM 52 arc 45 representing a bus release of the data bus DB from the CPU 

connected to a first Princeton bus PB1 that is managed by the 20, thereby to obtain a bus right for using the data bus DB. 

bus control unit 30. The external bus I/F 61, the SDRAM I/F Upon receiving the bus rights for using the instruction bus 

62 and the peripheral bus I/F 63 are connected to a second IB and the data bus DB, the bus control unit 30 makes active 

Princeton bus PB2 that is also managed by the bus control an operation stop indication signal prepared for each of the 

unit 30. The DMA controller 53 is connected directly to the 50 instruction bus IB, the data bus DB, the first Princeton bus 

bus control unit 30. PB1 and the second Princeton bus PB2. 

A timer 71, a UART 72 for supporting a serial When the operation stop indication signal provided in the 

communication, an analog/digital converter 73 and the like bus control unit 30 is made active, the modules connected to 

are connected to the peripheral bus I/F 63 as incorporated the instruction bus IB, the data bus DB, the first Princeton 

peripheral devices. These units are similar to those of the 55 bus PB1 and the second Princeton bus PB2 receive an 

conventional microprocessor shown in FIG. 1, and their operation stop indication signal, and interrupt the input of a 

explanation will be omitted. clock signal supplied to these modules, thereby to hold their 

The instruction bus IB, the data bus DB, the first Princeton operation. Thus, a stand-by state of the microprocessor is 

bus PB1 and the second Princeton bus PB2 include a data obtained without the store operation of the CPU 20, and the 

bus for transferring data and an address bus for transferring 60 stand-by operation can be easily obtained at the time of 

an address, respectively. Each module, including the CPU confirming a test operation. 

20, connected to each of these buses, is provided with a not To enhance the understanding of the microprocessor of 
illustrated control bus, for transferring control signals such the present invention that operates based on the above- 
as a bus use request signal necessary for communicating described principle, detailed embodiments will now be 
with the bus control unit 30, a read/write signal, an address 65 explained. 

strobe signal, a data strobe signal, various acknowledge FIG. 3 is a block diagram which shows a schematic 

signals, etc. configuration of a microprocessor relating to a first embodi - 
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ment of the present invention. Portions identical with those senting a state of bus access in which a bus, the instruction 

in FIG. 2 are provided with the same reference numerals, bus IB in this case, is currently positioned. That is, the bus 

and their explanation will be omitted. As shown in FIG. 3, is in any one of a non-access stale, a reading state, a 

a bus control unit 31 is a device for carrying out a bus control continuous reading state, a writing state, etc. Then, the state 

of the instruction bus IB, the data bus DB, the first Princeton 5 machine 82d outputs an address/data state signal for execut- 

bus PB1 and the second Princeton bus PB2, in a manner ing a bus selection based on the above state, an address 

similar to the bus control unit 30 in FIG. 2. request signal output from the address decoder 82c and a 

The instruction bus IB consists of an address bus IBA control signal from the module to which there has been an 

through which an address of a bus master fetching an access request. 

instruction is transferred and a data bus IBD through which 10 The WAIT generating circuit 82e is a circuit for obtaining 

data representing an instruction code is transferred. a bus state generated by the state machine 82d and for 

Similarly, the data bus DB consists of an address bus DBA transmitting a WAIT signal for showing a wait indication to 

through which an address of an access destination for the module that has generated a bus use request signal to use 

reading/writing data is transferred and a data bus DBD this bus, when the bus is busy. 

through which data to be read/written is transferred. 15 rj ala slore d in the data buffer 82a, a physical address 

Similarly, the first Princeton bus PB1 consists of an address generated by the address decoder 82c and a bus state signal 

bus PBA1 and a data bus PBD1, and the second Princeton representing a bus state set by the state machine 82d are 

bus PB2 consists of an address bus PBA2 and a data bus input to the bus arbitration circuit 81. 

PBD2. Tk c s(ate machine 82a* can be in two exclusive state 

The bus control unit 31 includes an instruction interface 20 machines, one exclusively use for data and the other exclu- 

82 that becomes a connection interface of the instruction bus sively use for addresses, and they can set states individually. 

IB, a data bus interface 83 that becomes a connection With this arrangement, the bus arbitration circuit 81 can 

interface of the data bus DB, a first Princeton bus interface carry out an optimum bus arbitration in a bus cycle focusing 

84 that becomes a connection interface of the first Princeton on a use state between the data bus IBD and the address bus s 

bus PB1, a second Princeton bus interface 85 that becomes 25 IBA. 

a connection interface of the second Princeton bus PB2, and For example, immediately after an address on the address 

a bus arbitration circuit 81 connected to these bus interfaces bus has been latched in the accessed module, the address bus 

to carry out a bus arbitration. ^ released prior to the release of the data bus, so that this 

The configuration and the operation of the instruction address bus can be used by other module, thereby to increase 

interface 82 will be explained next. FIG. 4 is a block 30 the use efficiency of the buses as a whole, 

diagram for showing a schematic configuration of the Other bus interfaces such as the data bus interface 83, the 

instruction interface 82. As shown in FIG. 4, the instruction first Princeton bus interface 84 and the second Princeton bus 

interface 82 includes a data buffer 82a for temporarily interface 85, have also structures including a data buffer, an 

storing data on the data bus IBD, an address buffer 82b for ^ address buffer, an address decoder, a slate machine and a 

temporarily storing an address on the address bus IBA, an WAIT generating circuit, respectively, in a manner similar to 

address decoder 82c for decoding an address stored in the the above-described instruction interface 82. Explanation of 

address buffer 82b to specify a bus and a module to be these interfaces will be omitted. 

accessed, a state machine 82d for inputting control signals, j, ^ assume d that the data bus interface 83 is structured by 

such as a bus use request signal, a read/write signal, etc., a data buffer 83a, an address buffer 836, and address decoder 

| from each module and for setting a bus using state, a state 83c> a slate mac hine 83d and a WAIT generating circuit 83*. 

» of the instruction bus IB in this case, and a WAIT generating Similarly, it is assumed that the first Princeton bus interface 

circuit 82<? for outputting a WAIT signal to the module using 84 and the Pr i acetoa bus interface 85 are also 

this bus, according to a bus state shown by the state machine structured respectively by a data buffer 84a, an address 

Bid- 45 buffer 846, an address decoder 84c, a state machine 84d, and 

The state machine 82d will be explained next. In general, a WAIT generating circuit 84e, and a data buffer 85a, an 

when a control not so complicated to be executed by a address buffer 85b, an address decoder 85c, a state machine 

microcomputer is carried out or when a high-speed control 85d, and a WAIT generating circuit 85e. 

processing is required, there is used a circuit configuration Accordingly, the bus control unit 31 has individual data 

for carrying out various controls by combining a gate and a 5Q buffers 82a to 85a and address buffers 826 to 856 for the 

latcn - instruction bus IB, the data bus DB, the first Princeton bus 

For example, this circuit may be used in combination with PB1 and the second Princeton bus PB2, and can hold data 

the microcomputer in such a way that the CPU of the and addresses in these buffers. Therefore, when an accessed 

microcomputer carries out the whole processing of the module is busy, for example, it is not necessary to retransmit 

system and this circuit carries out a part of the controls. On 55 data and an address. Immediately after the busy state of the 

the other hand, in the control system, the state shifts sequen- accessed module is released, it is possible to transfer the data 

tially according to the progress of the control. Even if the and the address from the data buffers 82a to 85a and the 

same signal has been input, the contents of the control are address buffers 826 to 856. As a result, the throughput of the 

different depending on the state. The system in which the bus master and the accessed module can be improved, 

state changes sequentially according to the progress of the 60 Further, as the buses have their own address decoders 82c 

control is called a state shifting system, which is structured to 85c respectively, and each bus interface section can output 

by the combination of the gate and the latch. their own address request signal, the bus control unit 31 can 

The control circuit for the changing state is called a state disperse the load applied by the decode processing for 

machine. specifying a bus to be accessed. In addition, the bus utili- 

According to the above -described control signals and the 65 zation efficiency can be improved, 

state of storage in the data buffer 82a and the address buffer Further, as the buses have their own state machines 82o* to 

826, the state machine 82d generates a state signal repre- 85a* respectively, it is possible to set own bus using state for 
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each bus, and an individual bus connection request can be access state to the read state. At the same time, the state 
made to the bus arbitration circuit 81 to be described later. machine 82d outputs an address/data state signal for show- 
Therefore, the load can be decreased and the design can be ing a bus identification code of the first Princeton bus PB1 
simplified, as compared with the case where one state to be accessed. 

machine is provided in the bus arbitration circuit 81 for 5 In this case, as the instruction bus IB is occupied by the 

managing all the bus using states. CPU 20, the WAIT generating circuit S2e obtains the read 

Further, as the buses have their own WAIT generating state set by the state machine 82d, thereby to make active the 

circuits (82<? to 85*?), it is possible to generate own WAIT WAIT signal. The other modules are made to wait for 

signal for each bus, and an individual wait indication can be making an access to the instruction bus IB by this WAIT 

generated to a module that has generated a request for using 10 signal in the active state. 

the bus. Therefore, the load can be decreased and the design The data, address, and address/data stale signal output 

can be simplified, as compared with the case where one from the instruction interface 82 are input to the bus arbi- 

WAIT generating circuit is provided in the bus arbitration tration circuit 81. In the bus arbitration circuit 81, at first, an 

circuit 81 for generating WATT signals according to the address bus switch for the first Princeton bus PB1 is selected 

respective using states of all the buses. 15 based on the input of the address state signal in the address 

Next, the configuration and the operation of the bus bus switch module 81a, and the input address is output to the 

arbitration circuit 81 will be explained by taking an example address bus PBAl of the first Princeton bus PB1. 

of a case where the CPU 20 obtains a bus right for using the Similarly, in the data bus switch module 81b, a data bus 

instruction bus IB and the first Princeton bus PB1 and carries switch for the first Princeton bus PB1 is selected based on 

an instruction fetch from the program ROM 51. FIG. 5 is a 20 the input of the data state signal, so that the data bus IBD of 

block diagram which shows a schematic configuration of the the instruction bus and the data bus PBD1 of the first 

bus arbitration circuit 81. Princeton bus PB1 are connected together. 

As shown in FIG. 5, the bus arbitration circuit 81 includes In reality, the address output from the bus arbitration 

an address bus switch module 81a for specifying a bus, the circuit 81 is output to the address bus PBAl of the first 

first Princeton bus PB1 in this case, to be accessed based on 25 Princeton bus PB1 through the first Princeton bus interface 

an address state signal input from a bus interface, the 84. Similarly, the data bus IBD of the instruction bus and the 

instruction interface 82 in this case, and for sending the data bus PBD1 of the first Princeton bus PB1 are connected 

address input from the bus interface to an address bus, the together through the first Princeton bus interface 84. 

address bus PBAl in this case, and a data bus switch module The state machine 84d of the first Princeton bus interface 

81b for specifying a bus, the first Princeton bus PB1 in this 30 84 has the first Princeton bus PB1 specified in the bus 

case, to be accessed based on a data state signal input from arbitration circuit 81, inputs a read signal from the CPU 20 

a bus interface, the instruction interface 82 in this case, and as a control signal, and shows that the state of the first 

for sending the address input from the bus interface to an Princeton bus PB1 has been changed from the non-access 

address bus, the data bus PBD1 in this case. state to the read state. 

The address and the data output from the bus arbitration In this case, as the first Princeton bus PB1 is occupied by 

circuit 81 are transferred to the corresponding address bus the CPU 20, the WAIT generating circuit 84e obtains the 

and the data bus actually through the bus interface, the first read state set by the state machine 84d, thereby to make 

Princeton bus interface 84 in this case. active the WAIT signal. The other modules are made to wait 

Next, with reference to FIGS. 3 to 5 explained above, ^ for making an access to the first Princeton bus PB1 by this 

there will be explained below the flow of the operation of the WAIT signal in the active state. 

microprocessor 11 until when the CPU 20 obtains an instruc- On the other hand, the program ROM 51 receives an 

tion code from the program ROM 51 by an instruction fetch. address strobe signal representing that an effective address is 

It is assumed that a cache hit in the instruction memory 41 being transmitted on the address bus PBAl, through the not 

has not been obtained. 4S illustrated control bus from the bus control unit 31. Thus, the 

At first, the CPU 20 transmits a bus use request signal for program ROM 51 fetches the address transmitted to the 

using the instruction bus IB and the first Princeton bus PB1 address bus PBAl of the first Princeton bus PB1, takes out 

respectively to the bus control unit 31 through the not a corresponding instruction code from the memory area 

illustrated control bus. As only the module for instruction shown by this address, and transmits this instruction code to 

access by the CPU 20 is connected to the first Princeton bus 50 the data bus PBD1 of me firsl Princeton bus PB1. 

PB1, a bus right of the first Princeton bus PB1 can be Then, the program ROM 51 transmits a data acknowledge 

obtained immediately, under the circumstance that a bus signal representing the completion of the data transmission, 

master other than the CPU 20 is not connected to the firsl to the bus control unit 31 through the not illustrated control 

Princeton bus PB1. bus. 

Upon obtaining a bus right for using the first Princeton 55 Upon receiving the data acknowledge signal, the bus 

bus PB1, the CPU 20 transmits an address shown by the control unit 31, more specifically the bus arbitration circuit 

program counter of the CPU 20 to the address bus IB A of the 81, transmits the data transmitted to the data bus PBD1 of 

instruction bus IB. The instruction interface 82 holds this the first Princeton bus PB1, to the data buffer 82a of the 

address in the address buffer 826, and, at the same time, instruction interface 82. 

transmits this address to the address decoder 82c. The 60 In this case, when the CPU 20 shows a BUSY state 

address decoder 82c decodes the address transmitted because of other processing, and cannot receive data 

through the address buffer 82b, and outputs an. address instantly, for example, the data to be received is held in the 

request signal. data buffer 82a. Therefore, the CPU 20 can receive this data 

Then, the state machine 82d inputs a read signal from the through the data bus IBD of the instruction bus IB immc- 

CPU 20 as a control signal, together with the address request 65 diately after the BUSY state has been canceled, 

signal output from the address decoder 82c, to indicate that Thereafter, a bus release signal for releasing the instruc- 

the state of the instruction bus has changed from the non- tion bus IB and the first Princeton bus PB1 is transmitted to 
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the bus control unit 31. At the same time, the WATT signal Princeton bus PB2 through the second Princeton bus inter- 
in the instruction interface 82 and the first Princeton bus face 85. Similarly, the data bus DBD of the data bus and the 
interface 84 is set to the non-active state, and the shift state data bus PBD2 of the second Princeton bus PB2 are con- 
of the state machine is returned to the non-access state. nected together through the second Princeton bus interface 

Next, the flow of the operation of the microprocessor U 5 85. 

will be explained for the case where the CPU 20 writes data The state machine 85 d of the second Princeton bus 

to the SDRAM I/F 62 connected to the second Princeton bus interface 85 has the second Princeton bus PB2 specified in 

PB2 simultaneously with a starting of the access processing the bus arbitration circuit 81, inputs a write signal from the 

to the program ROM 51 by the CPU 20. It is assumed that CPU 20 as a control signal, and shows that the state of the 

a cache hit in the data memory 42 has not been obtained. 10 second Princeton bus PB2 has been changed from the 

In this case, the CPU 20 transmits a bus use request signal non-access state to the write state, 

for using the data bus DB and the second Princeton bus PB2 In this case, as the second Princeton bus PB2 is occupied 

respectively to the bus control unit 31 through the not by the CPU 20, the WATT generating circuit 85e obtains the 

illustrated control bus. As only the module for instruction write state set by the state machine SSd, thereby to make 

access by the CPU 20 is connected to the first Princeton bus 15 active the WAIT signal. The other modules are made to wait 

PB1, a bus right of the second Princeton bus PB2 can be for making an access to the second Princeton bus PB2 by 

obtained immediately, under the circumstance that a bus this WATT signal in the active state, 

master other than the CPU 20 is not connected to the first On the other hand, the SDRAM I/F 62 receives an address 

Princeton bus PB1. strobe signal for showing that an effective address is being 

Upon obtaining a bus right for using the second Princeton 20 transmitted on the address bus PBA2, through the not 

bus PB2, the CPU 20 transmits an address for storing the illustrated control bus from the bus control unit 31. Thus, the 

data shown in the instruction register of the CPU 20, to the SDRAM I/F 62 fetches the address transmitted to the 

address bus DBA of the data bus IB. The data bus interface address bus PBA2 of the second Princeton bus PB2, and 

83 holds this address in the address buffer similar to the stores the data transmitted on the data bus PDB2 in the 

instruction interface 82, and, at the same time, transmits this 25 memory area shown by this address, 

address to the address decoder 83c. The address decoder 83c Then, the SDRAM I/F 62 transmits a data acknowledge 

decodes the address transmitted through the address buffer signal for showing the completion of the data storing, to the 

83b, and outputs an address request signal. bus control unit 31 through a control bus (not shown). Thus, 

Further, the CPU 20 transmits the data shown in the the CPU 20 finishes the access processing to the SDRAM I/F 

instruction register of the CPU 20, to the data bus DBD of 62. Thereafter, a bus release signal for releasing the second 

the data bus DB. The data bus interface 83 holds the address Princeton bus PB2 is transmitted to the bus control unit 31. 

on the address bus DBA in the address buffer in a similar At the same time, the WAIT signal in the data bus interface 

manner to the instruction interface 82, and, at the same time, 83 and the second Princeton bus interface 85 is set to the 

transmits this address to the address decoder 83c. The 35 non-active state, and the shift state of the state machine is 

address decoder 83c decodes the address transmitted returned to the non-access state. 

through the address buffer 836, and outputs an address As explained above, the CPU 20 can simultaneously carry 

request signal. The data on the data bus DBD is also held in out the instruction access and the data access, so that the 

the data buffer 83a in a similar manner. buses can be used highly efficiently by making the most of 

Then, the state machine 83d inputs a write signal from the ^ the advantages of the Harvard architecture. 

CPU 20 as a control signal, together with the address request FIG. 6 is a timing chart for explaining the simultaneous 

signal output from the address decoder 83c, to indicate that access of the first Princeton bus PB1 and the second Prin- 

the state of the data bus DB has changed from the non-access ceton bus PB2 by the CPU 20. As shown in FIG. 6, the CPU 

state to the write stale. At the same lime, the state machine 20 can issue simultaneously a request for using the instruc- 

83d outputs an address/data state signal for showing a bus 4J tion bus IB and a request for using the data bus DB in two 

identification code of the second Princeton bus PB2 to be cycles of CI and C2 of a system clock CLK. The CPU 20 

accessed. can also issue simultaneously a request for using the first 

In thus case, as the data bus DB is occupied by the CPU Princeton bus PB1 and a request for using the second 

20, the WATT generating circuit 83e obtains the write state Princeton bus PB2 in the subsequent two cycles of C2 and 

set by the state machine 83d, thereby to make active the 50 C3. 

WAIT signal. The other modules are made to wait for Further, the bus arbitration circuit 81 can set a priority 

making an access to the data bus DB by this WAIT signal in order of the buses including the instruction bus IB, the data 

the active state. bus DB, the first Princeton bus PB1 and the second Princ- 

The data, address, and address/data state signal output eton bus PB2, when bus connection requests have been 

from the data bus interface 83 are input to the bus arbitration 55 issued simultaneously from each bus interface, 

circuit 81. In the bus arbitration circuit 81, at first, an address For example, when bus connection requests to the instruc- 

bus switch for the second Princeton bus PB2 is selected by tion bus IB and the data bus DB have been issued from the 

the input of the address state signal in the address bus switch CPU 20, it is possible to connect to the data bus DB with 

module 81a, and the input address is output to the address high priority. The priority order of bus connections may be 

bus PBA2 of the second Princeton bus PB2. 60 changed according to the need, by structuring such that the 

Similarly, in the data bus switch module 81 ft, a data bus bus arbitration circuit 81 receives from the CPU 20 a priority 

switch for the second Princeton bus PB2 is selected by the order signal for setting the priority order, 

input of the data state signal, so that the data bus DBD of the As explained above, according to the microprocessor 11 

data bus and the data bus PBD1 of the second Princeton bus relating to the first embodiment of the present invention, the 

PB2 are connected together. 65 modules of the program ROM 51, the program RAM 52 and 

In reality, the address output from the bus arbitration the like in which instruction accesses are concentrated by Ihe 

circuit 81 is output to the address bus PBA2 of the second CPU 20 are put together in the first Princeton bus PB1, and 
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the modules of the external bus I/F 61, the SDRAM I/F 62, representative bus master other than the CPU 20 can be 

the peripheral bus I/F 63 and the like in which mainly data connected directly to the bus control unit 32 without passing 

accesses are concentrated are put together in the second through a bus. 

Princeton bus PB2. with ^ arrangement, unlike the conventional micropro- 

As a result, it is possible to make the most of the 5 cessor 100, a problem such that it takes longer time to obtain 

advantages of the configuration employing the Harvard a bus right for using the DMA controller of its own accord - 

architecture in which the instruction accesses and data mg to the operation of other module connected to the same 

accesses are earned out by the individual exclusive buses of bm |Q whicb ^ DMA controller htohc docs DOt 

the instruction bus and the data bus through the bus control ^ Therefore, it is possible to make a prompt access to the 

unit 31. rhus, the instruction access and the data access can in . ... . \ f ot . ... . r . . K. . . 

be carried out in parallel, which makes it possible to 10 bus arbitrauon circuit 81 to obtam a bus nght for usmg a bus 

efficiently use the buses and to substantially improve the to which , « accessin 8 modu ^^ d an accessed moduIc arc 

throughput of the CPU 20. connected respectively in a DMA transfer. 

In the microprocessor 11 relating to the first embodiment, Th« DMA interface 86 has a data buffer and an address 

the state machines 82d to 85d and the WAIT generating buffer, similar to the bus interfaces of the bus control unit 32 

circuits 82e to 85e are provided respectively in each of the 15 including the instniction interface 82, the data bus interface 

bus interface sections including the instruction interface 82, the first Princeton bus interface 84 and the second 

the data bus interface 83, the first Princeton bus interface 84 Princeton bus interface 85. 

and the second Princeton bus interface 85. Alternately, these With this arrangement, the buffers conventionally pro- 
state machines 82d to 8Sd and the WAIT generating circuits vided within the DMA controller can be put together in the 
82e to 8Se may also be provided inside the bus arbitration bus control unit 32, and the operation of the DMA interface 
circuit 81 by corresponding them to each bus interface. 86 can be controlled as well as the operation of the above- 
FIG. 7 is a block diagram which shows a schematic described bus interface by the bus arbitration circuit 81. 
configuration of an instruction interface 82' as an another Therefore, the structure of the DMA controller 53 can be 
example of the instruction interface for illustrating this 25 made simple. The design of the bus control unit 32 can also 
alternative case. FIG. 8 is a block diagram which shows a be utilized effectively. 

schematic configuration of a bus arbitration circuit 81' as an Thus, according to the microprocessor 12 relating to the 

another example of the bus arbitration circuit for illustrating second embodiment, the DMA controller 53 as a bus master 

this alternative case. is connected directly to the bus control unit 32 and is 

As shown in FIG. 7, the instruction interface 82' includes 30 managed by the bus arbitration circuit 81. Therefore, as 

a data buffer 82'a, an address buffer 82'b and an address compared with the conventional connection method of the 

decoder 82'c. These buffers have the same functions as the DMA controller, the load applied to the buses can be 

functions of the data buffer 82a, the address buffer 82b and decreased, and a bus right for a DMA transfer can also be 

the address decoder 82c shown in FIG. 4, and therefore, obtained promptly. An efficient bus control can also be 

explanation of these buffers will be omitted. Other bus 35 achieved in the bus control unit 32. 

interfaces including a data bus interface, a first Princeton bus Further, along with the achievement in the decrease of the 

and a second Princeton bus 25 also have the same structures load applied to the buses, the parallel processing of the 

as the instruction interface 82 On the other hand, as shown instruction access and the data access that is the advantage 

in FIG. 8, the bus arbitration circuit 81' includes an address of the structure of the Harvard architecture becomes more 

bus switch module Sl'a and a data bus switch module 8Vb effective. By the introduction of the DMA controller, it also 

corresponding to the address bus switch module 81a and the becomes possible to substantially improve the throughput of 

data bus switch module 816 shown in FIG. 5 respectively. In the CPU 20. 

addition to the above, the bus arbitration circuit 81' also A microprocessor relating to a third embodiment of the 

includes an address WAIT generating circuit 81'c, an address present invention will be explained next. The third embodi- 

state machine 81'rf, a data state machine Sl'e and a data 4S ment is different from the first and second embodiments in 

WAIT generating circuit 81'/ that an external terminal is provided in the bus control unit 

The address state machine 8Vd and the data state machine 31, to obtain a bus control unit 33. According to this bus 

Sl'e have the same functions as the functions of the state control unit 33, when a stand-by operation request signal is 

machine 82d shown in FIG. 4. Also, the address WAIT input to this external terminal, the bus arbitration circuit 81 

generating circuit 81'c and the data WAIT generating circuit 50 issues a bus hold request to each bus interface. In a state that 

81/ have the same functions as the functions of the WAIT a bus right of each bus is obtained, the bus arbitration circuit 

generating circuit 82e shown in FIG. 4. Therefore, the 81 can transmit an operation stop request signal to modules 

explanation of these state machines and circuits will be connected to the buses. 

omitted. FIG. 10 is a block diagram which shows a schematic 

A microprocessor relating to a second embodiment of the 55 configuration of the microprocessor relating to the third 

present invention will be explained next. The second embodiment of the present invention. Portions identical with 

embodiment is different from the first embodiment in that those in FIG. 2 are provided with identical reference 

the bus control unit 31 includes a DMA interface 86 con- numerals, and the explanation of these portions will be 

nected to the bus arbitration circuit 81 and that the DMA omitted. Description of modules connected to the buses is 

controller 53 is connected directly to the bus control unit, $o omitted, and only the bus control unit 33 is shown. 

FIG. 9 is a block diagram which shows a schematic con- As shown in FIG. 10, an external terminal 90 is connected 

figuration of the microprocessor relating to the second to the bus arbitration circuit 81 of the bus control unit 33. 

embodiment. Portions identical with those in FIG. 2 are When it is desired to confirm the stand-by operation of the 

provided with identical reference numerals, and their expla- microprocessor, for example, this external terminal 90 

nation will be omitted. 65 inputs a stand-by operation request signal. When a stand-by 

In FIG. 9, a microprocessor 12 has the DMA interface 86 operation request signal has been input from the external 

in a bus control unit 32, so that a DMA controller 53 as a terminal 90, the bus arbitration circuit 81 transmits a bus 
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hold request signal lo the bus interfaces including the FIG. 12A, the instruction memory 131 connected to the 

instruction interface 82, the data bus interface 83, the first instruction bus IB can access the first Princeton bus PB1 and 

Princeton bus interface 84 and the second Princeton bus the data memory 132 connected to the data bus DB can 

interface 85. acce ss the s econd Princeton b us PB2 side by side^Similarly,7 

More specifically, each bus interface transmits a bus use 5 asTshown Jn^F^7!12B T _the_msu^tion~mcmory^i31 ictm^J 

request signal to a module that has a bus right for using a n'ecteli'T^m^instrucuOD-bus^IB-cair acce ss -mersecond^* 

bus. When the module that received this bus use request Princ eton bu s PB2-arjd-me^dalaTmen^ 

signal has finished a bus cycle, the module transmits a bus the^datrbus : DB^n-acccss^hr 

release signal to the bus interface so that the bus interface SunUaTiyTaTThown in FIG. 12C, the instruction memory 

having received this release signal obtains the bus right. 1Q 131 ^ccltd to the instruction bus IB can access the data 

When the bus control unit 30 has obtained bus rights for mcmory 132 connected t0 the data bus DB the first 

using the instruction bus IB, the data bus DB, the first Princeton bus pB1 ^ access lhe Princct0D bus PB2 . 

Princeton bus PB1 and the second Pnnceton bus PB2, the similar , M shown in P jq 12D> me instruction memory 

bus control umt 30 makes active an operation stop indication m . a . ,u ■ . .• u in .1. r . 

. . f c r.L • . u fr. .u j . 131 connected to the instruction bus IB can access the first 

signal prepared for each of the instruction bus IB, the data n . . nn . , . „ , 

bZs DB, the first Princeton bus PB1 and the second Princ 15 ^fonbusPBla« I JeD^coniroUerMcana^the 

eton bus PB2 respectively. 560011(1 Pnnc elon bus PB2. Similarly, as shown in FIG. 12E, 

When this operation slop indication signal is made active, the data memory 132 connected to the data bus DB can 

the operation stop request signal is transmitted to each lhe firsl ^eton bus PB1 and the DMA controller 

module. Upon receiving this operation stop indication * can ac « ss me a* 0 ™ 1 *™ c «™ bus PB2. Similarly, as 

signal, each module interrupts an input of a clock signal 20 shown . 1D FIG ". 12F ' the instruction memory 131 connected 

being supplied to the module, to hold the operation. Thus, a t0 me i^ruction bus IB can access the data memory 132 

stand-by state of the microprocessor is obtained without connected to the data bus DB and the DMA controller 53 can 

involving a store operation of the CPU 20, and a stand-by access me seam* p ™ceton bus PB2. 

operation can be started easily at the time of confirming a Similarly, as shown in FIG. 12G, the data memory 132 

test operation. 25 connected to the data bus DB can access the second Prin- 

Further, in place of the external terminal 90, it is also cet0D bus PB2 and thc DMA controller 53 can access the 

possible to provide a stand-by register 91 into which there is first Princeton bus PB1. 

written a flag indicating a stand-by operation request by an Further, as shown in FIG. 12H, theins truction .mem ory? 
input of a signal indicating a test mode. FIG. 11 is block 131 co nnected to the instruction bus IB Lea n^accessj the7 
diagram which shows a schematic configuration of a bus seco1idlPimcetbh~bus.PB2.and the DMA controller 53 can 
control unit of other example to illustrate this alternative access the first Princeton bus PB1. Similarly, as shown in 
case. As shown in FIG. 11, the bus control unit has the same FIG. 121, the instruction memory 131 connected to the 
operation, except that the external terminal 90 in FIG. 10 has instruction bus IB can access the data memory 132 con- 
been replaced by the stand-by register 91. nected to the data bus DB and the DMA controller 53 can 

Thus, according to the microprocessor relating to the third access the first Princeton bus PB1. 

embodiment, it is possible to input to the bus control unit 33 Similarly, as shown in FIG. 12J, the instruction memory 

a stand-by operation request signal for making a stand-by 131 connected to the instruction bus IB can access the first 

operation active in a test mode, for example, then obtain a Princeton bus PB1 and the DMA controller 53 can access the 

bus right for using each of the instruction bus IB, the data ^ data memory 132 connected to the data bus DB. Similarly, 

bus DB, the first Princeton bus PB1, and the second Prin- as shown in FIG. 12K, the instruction memory 131 con- 

ceton bus PB2, and thereafter hold a supply of a clock signal nected to the instruction bus IB can access the second 

to each module. Therefore, unlike the conventional practice, Princeton bus PB2 and the DMA controller 53 can access the 

it is easily possible to shift the microprocessor to a stand-by data memory 132 connected to the data bus DB. Similarly, 

operation without involving the need for the CPU 20 lo carry 4J as shown in FIG. 12L, the first Princeton bus PB1 can access 

out a store operation at the time of a test operation. the second Princeton bus PB2 and the DMA controller 53 

The bus control unit 33 shown in FIG. 10 and FIG. 11 may can access thc data mcmory 132 connected to the data bus 

be configured in such a way that the DMA controller is DB. Similarly, as shown in FIG. 12M, the instruction 

connected directly to the bus control unit, in a similar memory 131 connected to the instruction bus IB can access 

manner to the bus control unit 32 explained in the second 50 th~ DMA controller 53 and the data memory 132 connected 

embodiment. to the data bus DB can access the second Princeton bus PB2. 

Further, in the first to third embodiments, as modules Similarly, as shown in FIG. 12N, the instruction memory 

connected to the instruction bus IB, the memory bus DB, the 131 connected to the instruction bus IB can access the DMA 

first Princeton bus PB1 and the second Princeton bus PB2, controller 53 and the data memory 132 connected to the data 

respectively, there may be connected bus masters other than 55 bus DB can access the first Princeton bus PB1. Similarly, as 

the DMA controller, for independently issuing a bus use shown in FIG. 120, the instruction memory 131 connected 

request to thc bus control units 30 to 33. to the instruction bus IB can access the DMA controller 53 

Further, in the first to third embodiments, it is mentioned aod the first Princeton bus PB1 can access the second 

that the instruction memory 41 and the data memory 42 Princeton bus PB2. 

function as cache memories, however, these memories may 60 Bv accessing the buses in this way without any sort of 

not be cache memories but may be used as ordinary memo- limitation, the buses can be used efficiently and the through- 

ries like a SDRAM connected to the program RAM 52 and put in the instruction executing section can be greatly 

the SDRAM I/F 62. For example, it is possible to use the improved. 

instruction memory 41 as a cache memory and to use thc As explained above, as against the conventional 

data mcmory 42 as an ordinary mcmory. 6 S microprocessor, in which the CPU must fetch data from the 

Further, the present invention can be applied to the cases external bus I/F or the like connected to the same Princeton 

shown in FIG. 12A to FIG. 120. For example, as shown in bus after waiting for the completion of an instruction fetch 
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from the program ROM through the instruction bus, the a bus control unit for carrying out a bus arbitration of said 

microprocessor of the present invention has the following instruction bus, said data bus, said first Princeton bus 

characteristics. The modules of the program ROM, the and said second Princeton bus, according to a bus use 

program RAM and the like in which instruction accesses are request from said CPU. 

concentrated by the CPU are put together in the first Prin- 5 2 - The microprocessor according to claim 1, wherein said 

ceton bus, and the modules of the external bus 1/F, the bus "^tro! unit includes separate bus interface sections for 

SDRAM W the peripheral bus I/F and the like in which data instruction bus, said data bus, said first Princeton bus 

accesses are mainly concentrated are put together in the and SJud second Princeton bus for carrying out an input/ 

second Princeton bus. oul P ut 00111101 of data and addresses, and 

_ . , . . ... in each of said bus interface sections are provided with data 

Therefore, the .nstruction access and the data access can " buffcrs fof holdi ^ and address buffefS for ^ 

be carried out in parallel with respect to the first Princeton addresses 

bus and the second Princeton bus through the bus control 3 The microprocessor according to claim 1, wherein said 

unit. Furthermore, the buses can be used efficiently, so that bus unit mc hides separate bus interface sections for 

the throughput of the CPU can be improved substantially. ^ instruction bus, said data bus, said first Princeton bus 

According to the conventional microprocessor, the DMA 15 and said second Princeton bus, for carrying out an input/ 

controller as a bus master is connected on the bus, and it output control of data and addresses, and 

tends to take longer time for the DMA controller to obtain each of said bus interface sections are provided with 

a bus right for using this bus. address decoders for decoding the address and output- 

On the contrary, according to the microprocessor of the ting an address request signal that shows a connection 

present invention, the DMA controller is connected directly 20 request destination. 

to the bus control unit 32, thereby to avoid the need for the 4 - ^ microprocessor according to claim 1 wherein said 

DMA controller itself to obtain the bus right. Therefore, it bus coatml " Dlt has *"* •?? "S^ 1 ^ !° T ^ 

has become possible to obtain a bus right promptly. Along ^UucUon bus, said data bus, said first Pnnceton bus and 

with the achievement in the decrease of the load applied to ^ second Pnnceton bus for generating a state signal tha 

. , . „ . * . . . 25 shows a using state of a bus according to a control signal 

we Duses tnc parallel processing ot me instruction access from mc moduIes connected to said instruction bus, 

and the data access as an advantage of the structure of the ^ dala b ^ firs[ bus and ^ ^ 

Harvard architecture has become more effective. It has Princeton bus and 

become possible to further improve the throughput of the ' . .. . 

CPU by the introduction of the DMA controller. Cames 0ul j\ bus eonnecUon according to a state signal 

_ ; ... ... 30 generated by said state shift control units. 

Further, according to the conventional microprocessor, in 5 Tbe microprocessor according to claim 4, wherein said 

order to carry out a stand-by operation, the CPU must carry bus contr0 , ^ bas , e ^ &i , 

out a store operation by operating the control register within atin units for ^ tbc bus> said da{a bus> ^ 

the clock controller, and as a result, the holdmg of a clock firs| PTincclon bus and M xcoad PnnC eton bus, for 

signal is executed It has been necessary to prepare a 35 outputting a wait i ndication sigDal t0 a module lhat has 

minimum program for test operating the holdmg of the clock issmd a bus ^ fequest lQ a bus whkh ^ io a bus acce&s 

Slg state when a state signal generated by said state shift control 

On the contrary, according to the microprocessor of the un i t sn ows the bus access state, 

present invention, it is possible to input to the bus control 6 . The microprocessor according to claim 1, wherein said 

unit a stand-by operation request signal for making a stand- 40 bus control unit inputs a priority order signal for setting a 

by operation active in a test mode, then obtain right for using priority order of buses to be connected, and when there are 

each of the instruction bus, the data bus, the first Princeton generated a plurality of connection requests to different 

bus, and the second Princeton bus, and thereafter hold a buses among said instruction bus, said data bus, said first 

supply of a clock signal to each module. Therefore, unlike Princeton bus and said second Princeton bus, then said bus 

the conventional practice, it is easily possible to shift the 45 conlro l unit connects the buses according to the priority 

microprocessor to a stand-by operation without involving order xt by the priority order signal, 

the need for the CPU 20 to carry out a store operation at the 7. The microprocessor according to claim 1, wherein said 

time of a test operation. bus control unit has a DMA interface for carrying out an 

Although the invention has been described with respect to input/output control of a DMA transfer by connecting 

a specific embodiment for a complete and clear disclosure, 50 thereto a DMA controller for controlling the DMA transfer, 

the appended claims are not to be thus limited but are to be 8. The microprocessor according to claim 7, wherein said 

construed as embodying all modifications and alternative DMA interface has a data buffer for holding data input and 

constructions that may occur to one skilled in the art which output at the DMA transfer lime and an address buffer for 

fairly fall within the basic teaching herein set forth. holding an address. 

What is claimed is: 55 9. The microprocessor according to claim 1, wherein said 

1. A microprocessor comprising: bus control unit inputs a stand-by request signal for request- 

a CPU for executing an instruction; ing a stand-by operation to temporarily stop the operation of 

an instruction memory for storing instructions; a module connected to each bus, then obtains a right of using 

a data memory for storing data; cach bus m each of said ous interfaces, according to the 

an instruction bus for making an access to the instruction 60 S ! and ~° y ^l™* ^^fv "V* * ™* ^ 

memory connected to each bus an operation stop request signal 

. , . . , representing a request for interrupting a clock supplied to the 

a data bus for making an access to the data memory; modules 

a first Princeton bus connected with modules for instruc- 10. The microprocessor according to claim 1, wherein as 

tion access; 65 modules to be connected to the buses, there are connected 

a second Princeton bus connected with modules for data bus masters for independently generating a bus use request 

access; and to said bus control unit. 
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11. A microprocessor comprising: 

a CPU for executing an instruction; 

an instruction memory for storing instructions; 

a data memory for storing data; 

an instruction bus for making an access to the instruction 
memory; 

a data bus for making an access to the data memory; 
a first common bus connected with modules for instruc- 
tion access; 

a second common bus connected with modules for data 
access; and 

a bus control unit connected with said instruction bus, said 
data bus, said first common bus, and said second 
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common bus, for carrying out a bus arbitration of said 
instruction bus, said data bus, said first common bus, 
and said second common bus according to a bus use 
request from said CPU. 

12. The microprocessor according to claim 1, wherein the 
modules for instruction access are any of program read-only 
memories (ROM's) or program random-access memories 
(RAM's). 

13. The microprocessor according to claim 1, wherein the 
modules for data access are any of external bus interface 
sections or synchronous dynamic random-access -memory 
(SDRAM) interface sections. 
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